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A transonic  turbine with a stator  trailing-edge  thickness  reduced 
frau 0.030 to 0.010 inch ,@as been  investigated  experimentally. An ef- 
ficiency  of 0.872 was obtained  at  design  operating  conditions;  this 
efficiency  represents an increase of 0.6 of a point as cmpared with 
the  design-point  efficiency obta.ined with the original  stator,  which 
had a trailing-edge thickness of 0.030 inch. An increase in efficiency 

2.4 points. Although the  increase  in  design-point  efficiency was small, 

reducing the stator-blade  trailing-edge  thickness wit- t h i s  w e .  
The experimentally  indicated  increase in efficiency  could be only 
partially  accounted  for  by the theoretical in mixing loss f o r  
the two  stator-blade  rows. It w a s  therefore felt the  Fmprovement in 
performance  obtained with the  thin  trailing-edge stator was largely  due 
to a decreased  amount of low-velocity  fluids w h i c h  entered the rator and 
the  interference  effect of these fluids with the  mainstream flow. 

3 
3 was  noted  over  the  entire  performance map, amwthg in sme cases to 

J it was felt  to be significant that the  efficiency  could be increased by 

The  investigation of the various losses that  affect  turbine  per- 
formance  is part of the general  turbine  research  program  being  con- 
ducted  at  the NACA Lewis Laboratory.  One  source of turbine loss is that 
associated  with  the  wake  region that occurs  inrmediately  downstream of the 
stator-blade trailing edge. This wake region can be identified as a 
region  of high totai-pressure loss downstream of the trailing edge  (ref. 
1, fig. 6, e.g.). Theoretically,  the  stream  static  pressure is assumed 
t o  extend  thr;oughOut  the  wake  region and the wake region  is  assumed  to 
consist of (I) a mass-flow void regLon, the  width of which  (measured 
normal to the  blade-outlet  direction  just  at  the traiUng edge) is 
equal to the  trailing-edge  thickness,  and (2) two r e a m  of low total 
pressure  that are caused by losses a r i s i n g  froan the  blade  suctfon- and 

'c 

- pressure-surface boundary layers  (refs. 2 and 3). According  to  this 



2 - NACA RM E55EL7 

c 
concept  the mass-flow void  part  of  the  wake  region wouLd be  dlrectly 
dependent on the  trailing-edge  thickness;  whereas-the  part  of  the  wake 
caused  by  the  boundary  Layers  would be affected anly sldghtly or not at . Y  

all by a change in trailing-edge Wckness,  since  the  basic blade form 
would not  be  changed  signlf5cantly. 

The  manner in w h i c h  the mer-all turbine  performance is affected 
by  the  presence -of these  wake  regions  depends on the nature of the mix- 
ing process  that  occurs as the flow proceeds  downstream  of t h e  stator 
trailing edge. If caplete mixing is acccmrplished  before the f low en- 
ters  the rotor, the  velocity ai@ flow  angle  relative t o  the rotor w o u l d  
be circumferentially unif om. This mixing, however, would cause a 
total-pressure loss w h i c h  would  be small in the case of most turbine 
stators. If only partial mixing has occurred  by  the time the flow en- 
ters  the  rotor,  the  interference  effect'&  the  low-velocity  elanents of 
the flow with t h e  mdnstream fluid may induce an appreciable  rotor loss, 
as  d9scussed in reference 4. 

The actual  Lnfluence of these  wake  regions on aver-&  performance 
is difficult to ascertain  anulyticaUy,  because  the  nature  of t h e  mix- 
ing  process in a turbFne i s  unknown. It has been shown (ref. 5) that 
the over-all turbine  performance would be -aired if the  stator trail- II 

ing  edge  were made excessively thick. Itt ie not known, however,  if 
there would be any appreciable g&.n in aver-all  performance  by a re- 
duction in traIlzLng-edge  thickness  that was originally reasonably thin. 
The stator  blade of the  transonic  turbFne of reference 6 w a ~  modlfied 
by reducing  the  trajling-edge  thickness frcan 0.030 to 0.010 inch, ef- 
fecting a reduction in the  thickness-to-pitch  ratio fYam 0.0257 t o  
0.0085. According to reference  2,'the change in over-all  performance 
effected  by changing the stator  trailing-edge  thickness w5thin t h i s  
range would har- be noticeable. This canclueion was based on the small 
theoretical  difference in ang loss across the two  blade  rows. It is 
indicated in reference 4, however,  where  the  stator  thickness-to-pitch 
ratio is 0.0261, that  the  effects of the stator  wakes were in evidence 
downstream of the  rotor  and  that  they  caused an appreciable  variation 
in the local  adiabatic  efficiency. It was therefore of interest  to de- 
termine experimentally  the  eflect of reducing  the  trdllng-edge thick- 
ness in the low ranQe of thickness-to-pitch ra t io .  

L 

The over-all  performance was obtained for the thin-trailing-edge 
stator  over a range  of speeds and  pressure  ratios. In addition to the 
over-all  performance,  total-tenmeratwe and total-pressure  surveys  were 
made  downstream of the  stator  at  design  operating  conditions in order 
to  determine the behavior of the  stator  wakes. This repod will P E -  
sent  the  over-all  perfonaasce and the  survey data obtained  with  the 
thin-traiu-edge stator. The experimental results  obtaFned w i t h  t h e  .I 

original stator  (ref . 6) will be  included. From a ccanparison of the 
over-all  performance obtained with the two stator  configurations,  the 
effect of reduced  stator  trailing-edge  thickness w i l l  be evaluated. 

1 
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SYMBOLS 

The following symbols are used In  t h i s  report: 

Ah' - equivalent  specific  work  output  based on total  state,  Btu/lb *Cr 
P absolute  pressure, lb/sq ft 

N rotational  speed, rpn 

w weight flow, lb/sec 

Y ratio of specific  heats 

6 ratio of inlet  total  pressure  to NACA standard  sea-level  pressure, 
PYP* 

& functim of 

92 l o c a l  adiabatic  efficiency based on total-state  measurements  from 
surveys  downstream of rotor 

9-t total-pressure-ratio  adLabatic  efficiency, r a t io  of tur- 
bine  work based on torque,  weight  flow,  and  speed  measure- 
ments to ided work based on inlet t o t a l  tqemture, inlet 
total pressure, and outlet  total  pressure *' 

Sub 6 cripts : 

0 station  upstream of turbine stator 

3 station at stator  outlet 

6 station  downstream of turbine  rotor 

Superscripts : 

* MCA standard conditions 

I total state 
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The apwatus, instrumentation,  and  methods 09 calculating  the  per- 
formance  parameters  used in this report  are  the  same a~ described  in 
references 6 and 7. The  turbine  is  the  same BB that of reference 6 ex- 
cept  for  the  modification  to  the  stator  trailing  edge shown in figure 1. 
Performance runs were made over a range bf speeds fram 60 to 130 percent 
of design  speed. At each speed  the  total-pressure  ratio was varied frm 
1.5 to a value  approaching  turbine  limiting loadjag. The turbine-inlet 
conditions  were maintained constant  at nominal values of temperature  and 
pressure of 600° R and 32 inches of mercury  absolute,  respectively. 

m 
m + 
WY 

The surveys of total  temperature and total pressure that were made 
downstream of the  rotor  consisted of circderential traverses at the 
various  radii with self-alining  total-temperature and total-pressure 
probes.  The  circumferential  arc of the  traverses  included  approxFmately 
1~ stator  passages.  The  total-temperature and total-pressure  data  were 
simultaneously  plotted against circumferentia3  poaitian on an automatic 
curve  tracer. 

1 

RESULTS AND DISCUSSION 

Over-All Perf'omce 

The  aver-all  performance of the turbine  operated with the thin- 
trailing-edge stator is presented in figure Z3 with equivalent  specific 
work  output &'/ec, s h m  as a function of the weight-flow - speed 
parameter C W N / ~  for the var~ous total-pressure  ratios.  Efficiency 
contours  and  constant-speed lines are superimposed on t h e  figure.  The 
maximum efficiency  obtained  for t h i s  configuratian was 0.878 at ll0 per- 
cent  design  speed,  and  the  efficiency at the  design point . w a s  0.872. 
The  performance  obtained with t h e  original  stator  (ref. 6) is  presented 
in figure 3. The efficiency  at  the  design  pofnt was 0.866, and the max- 
hum efficiency was 0.87.. Thus the indicated  effect -of reducing  the 
stator  trailing-edge  Wlickness wa8 to increase-the  design-point  effi- 
ciency  by 0.6 of a point.  At  off-design  conditions  an  increase  in  effi- 
ciency  can  be  noted  over t he  entire  performance  range  investigated, 
amounting  in  some  cases  to 2.4 points  (at 90 percent  speed  and  an  equiv- 
alent  specific  work  output  .Ahl/Bcr of 13 Btu/lb) . 

- _  

" 

As mentioned  in  the INTRODUCTION, the  improvement in aver-all  per- 
formance,  as  indicated  by  reference 2, would h a r d l y  be  noticeable.  The 
effect of the reduction in trailing-edge  thickness on over-all perform- 
ance w a s  also cmputed using equation (C22) of reference 3 with the re- 
sults of stator-outlet  survey  data  obtained at the m e a n  radius. This 

I 

& 
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canputation  Fndicated BZL increase of 0.2 of an efficiency  point for the 
thin-trailing-edge s t a to r  as conrpared with that obtaFned with  the o r i g i -  
nal stator at design-point  operation; a t  off-design conditions  the in- 
crease Fn efficiency  varied from 0.2 of a point to slightly less than 
0.1 of a  point. Thus the  experimentally indicated improvement i n  per- 
formance obtaFned by reducing the  stator-blade  trailing-edge  thickness 
can be only  partially accounted for by the  theoretical  difference  in 
mixing loss  ( r e f s .  2 p d  3) f o r  the two stator-blade rows. It i s  fe l t ,  

rl 

w therefore, that the improvement in performance was lazgely due t o  the 
CD reduced amount of low-velocity f lu id  entering  the r o t o r  and the Fnter- 4 

LD ference  effect of th i s  f luid with  the mainstream flow. 
Stator Surveys 

The results of detailed  total-pressure s u r v e y s  that were made about 
3/16 of an inch downstream of the  stator-blade  trailing edge are shown 
in  f igure 4 for  the two s t a t o r  configurations as contours of total- 
pressure ratio across the s ta tor .  The stator wakes can be cceqpared near 
the m e a n  raaius where the-effects of secondary-flow losses and end-- 

7 er are the least pronounced. From a comparison of figures 
." 4(a) and (b it can be  seen that the thin-trailing-edge  stator has a 

noticeably snmaller wake region. It can also be seen from the  figures 
that complete mixlng has not been obtained at this location, which w a s  
about halfway between the stator and the  rotor. Y 

Rotor Surveys 

The results of the detailed  total-temperature and total-pressure 
surveys that were  made  downstream of the  rotor   a t  approximately design 
operating  conditions are shown as contours of local efficiency qb in 
figure 5 fo r - the  two stator  configurations. nom a camparison af fig- 
ures  5(a) and (b) it can be  seen that the  thin-trailing-edge  stator &- 
fected an increase i n  the  local  efficiency oyer most of the annular seg- 
ment. The drop off in   eff ic iency in the  outer  one-third  portion of the 
blade height i s  much more mered for the  original stator than for  the 
thin-trailing-edge  stator. Thfs effect is fe l t  t o  result frm the Larger 
amount of low-vel-ocity fluids ( r e sa t ing  from s t a to r  losses) WM& are 
centrifuged toward the   t i p  region in the rotor passage and cause a low- 
er  mer-&  efficiency i n  t h i s  region. 

Evaluation of R e s u l t s  
.) 

With regard  to  the  reUabiJ3ty of the hta, it suould be mentioned 
that the improvement in efficiency noted, as a resul t .of  reduced 

" trailing-edge thickness, is within expergental  error on the basis of a 
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point-by-point  comparison mer a large  portion of the performance  range. 
It ie believed,  however,  that  the  indicated  improvement in performance 
is  reliable  because  the  improvement is consistent,  occurring  in VarYFng 
degrees throughout the  perfoiiniLnce  range:. :Ig a@a.tion,  the  results af 
the  surveys  made  downstream of the  rotor show that  the  design-point ef- 
ficiency  obtained  with  the  thin-trailing-edge  stator  is  increased  over 
that  obtained with the  original  stator.  !The  survey data were  obtained 
and  computed  independently  of  the  aver-all  performance  results. Thus 
the  survey dah substantiate  qualitatively  the,improvement  in design- 
point  performance  noted f rom the  over-all  performance  results. 

V 

The  weight flow obtained  with  the  thin-trailing-edge  stator was 
design weight flow, whereas  the  weight flow obtained with the  origlnal 
stator  (ref. 6) was  about 1 percent  below  design  value. Frm unpub- 
lished data obtained with the thin-trailing-edge  stator and a transonic 
turbine  rotor,  the  design of which was similar to  that of the subject 
rotor, it was indicated  that  the  effect of increaeing  the  weight flow 
by 1 percent  would  be  to  lower  the  design-point  efficiency  by  about 0.5 
of a point. It is  felt,  therefore,  that  the  difference  noted  herein in 
over-dl perf'onnance as a result of reducing  the  stator  trailing-edge 
thickness  is  conservative  and had the  two  stator  configurations  been 
compared at equal  weight  flows,  the  Fmprovement would probably  have 
amounted  to 1 efficiency  point  rather  than 0.6 of a point. Although 
the  increase in efficiency  of 0.6 of a point  could be regarded as a 
amall effect,  it  might  be  pointed  out that the  trailing-edge  thickness 
of the original stator  would  be  considered  to  be  close to a minimum 
value  by  current  design  criteria,  the  thickness-to-gitch  ratio  being 
0.0257. It is  felt  to  be  significan.t  that  the  efficiency  could  be in- 
creased  by  reducing  the  trailing-edge  thickness within this  range. 

'I 

SUMMARY OF RESTJETS 

A transonic  turbine w i t h  EL stator-blade  trailing-edge  thickness of 
0.010 inch has been  experhentally  investigated;  the  results  were 
compared  with  those  obtained with the  original  stator, which h&d a 
trailing-edge  thickness of 0.030 inch. 

The  efficiency  of the turbine  at  design  operating  condition8 was 
0.872, and the maximum efficiency  was 0.878. At  design  point  the  effi- 
ciency  represents an increase of 0.6 of a point as a result of reducing 
the  trailing-edge  thiclmess, and at off-design conditians  the  increase 
varied from 0.6 to Z .4 points.  Although this may be regarded a6 a Qnau 
improvement i n  design-point  performance,  it  is felt to be  significant 
that  the  efficiency  could  be  increased  by  reducing the stator-blade I 

trailing-edge  thickness  within t h i s  range. The increase in efficiency 
noted  herein  is  felt  to  be  reliable bemuse it w a ~  consistent,  occurring 
throughout  the  performance  range, and because  the  performance resulte w 

at  design  operation  are  qualitatively  substantiated by the  rotor 
surveys. 



NACA RM E5SB17 - 7 

1 

The indicated inrpravement in performance  -that was obtained as a re- 
sult of reducing  the traling-edge thiclmess  could  be  only partially 
accounted  for  theoretically on the  basis of reduced m i x i n g  loss for the 
two  stator-blade  rows. It was therefore fe l t  that  the  improvement was 
largely due  to  the  decreased  amount  of  low-velocity fluids entering  the 
rotor  and  the  interference  effect of these fluids with  the  mainstream 
flow. 

4 
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Figure 1. - Sketch of stator-blade section at mean radius showing original 
and modffled blade configuratione. 
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Figure 2. - Over-all turbine performance obtained 
with thin-trailing-edge stator. - 
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Figure 3. - Over-al l  turbine performance obtained with 
original  stator.  
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(a) Thln-trailing-edge s tator .  

Figure 4.  - Contours of total pressure from detailed surveys made  approxl- 
mately 3/16 inch  downstream of stator-blade  trailing edge. 
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(b) Original s tator  (ref. 1). 

Figure 4 .  - Concluded. Contours of tota l  preaeure from deLalled  surveye made 
approximately 3/16 lnoh downstream of stator-blade t r a i l i n g  edge. 
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(a) Thin-trailing-edge stator. 

Figure 5. - Variation of local  efficiency across turbine from detailed surveys 
made downstrean of rotor with turbine operated at design conditions. 
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( b )  Original stator ( r e f .  6 ) .  

Figure 5.  - Concluded. Variation of local efficiency acros8 turbine frc 
surveys made downstream of rotor with turbine  operated at Peslgn condi 

m detailed 
.tione. 




